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AUTOMATIC AUTOMOBILE 
TRANSMISSION WITH VARIABLE SHIFT 
PATTERN CONTROLLED IN RESPONSE TO 
ESTIMATED RUNNING LOAD 

BACKGROUND OF THE INVENTION 

The present invention relates to transmission control 
systems for Automobiles. 

A prior-art transmission control system for an automobile 
is so constructed that a vehicle speed and a throttle valve 
opening are sensed as electric signals, and that a predeter- 
mined shift gear corresponding to the cumm values of the 
vehicle speed and the throttle valve opening is ^-MH on 
the basis of a shift pattern which is preset, with the vehicle 
speed and the throttle valve opening as variables. Herein a 
pluxaliiy of such ahift patterns are set oefofrfian^aridoneof 
them is selected by the manipulation of the driver of tine 
automobile. 

In another traosnuKsion control system, the shift patterns 
are automatically srimed and changed-over in accordance 
with the driving operation of the driver. 

The control of a transmission in the prior ait is such that 
a predetermined gear position cotreflpondiiig to the current 
valaes of a vehicle speed and a throttle valve opening is 
selected on the basis of a shift pattern which is preset, with 
the vehicle speed and the throttle valve opening as variables. 

In addition, the official gazette of Japanese Paicm Appli* 
cat ion P ublication No. 45976/1988 discloses a technique 
wherein a torque is evaluated tram the pressure nf m 
pipe, and a transmission gear ratio ({tpuSL of an internal 
combustion cngroc)/(vchiclc apeed)] is determined ftoin the 
torque. 

These m et hods have made performing an shift 
operation to the fluctuations of drive conditions cfifficuh, 
especially for the change of 'a running k»d. For exarnplc, i t 
is considered that the fuel cansaap&m of the aummobOe 
wtDbemhimnrfl without spoiling the curability thereof; by 
upsh i fr tn g earlier on a flat road or a gentle downward slope . 
rather than on an upward slope. Such a shin operation 
however, has heretofore been iniposaiblebecauae of dogear 
shift based on only the throttle valve opening and the vehicle 
speed. 

Besides, as the vemcie is lightened, it bro important ■ 
to perform the shift control so as to correspond to the change 
of acceleration chararf eristics dependent upon the weight of 
the vehicle in the case of a starting acceleration. It is 
therefore considered possible to enhance the fuel consump- 
tion and to rjerforra the exact shift operation corresponding : 
to the drive amditioaa, in such a way that the running load 
and the vehicle weight are estimated, and mat the shift 
pattern is changed in accordance wrm the vehicle weight and 
the naming load in an accelerating mode, while It also is 
changed in accordance with the running load in a deceler- 
ating mode. 

Since the shift pattern is determined on the basis of the 
several typical drive coriditions as stated above, the prior-art 
techniques have been sometimes incapable of the shift 
operation which reflects the drive orwiHjHfTH exactly As a 
result, they have often weakened the fuel comumptiori. 

SUMMARY OF THE INVENTION 

An object or the present invention is to provide an 
automatic transmission control system for an automobile in 
which the running load of the automobile is **Tmwt*A & 
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to perform a shift operation which conforms to Che running 
load. 

In order to accomplish the object, an automatic transmis- 
sion control system for exi automobile in one aspect of 
performance of the present invention is constructed com- 
prising load computation means for computing the automo- 
bile load; output torque estimation means for ^i^i1»Ht^ ga 
output torque with reference to the torque characteristics of 
the drive train of the automobile; running load e s t imati on 
means for estimating a running load from the automobile 
load and the output torque; memory means for storing at 
least two shift schedules therein; and a shift schedule 
variable-control unit which dctermmes a shift schedule of an 
automatic transmission of the automobile during actual 
running of the automobile, on the basis of the estimated 
nmntug load and the stored shift schedules. 

Besides, in order to p er fo rm a shift operation which is 
based on, not only a running load, but also an citimatrri 
vehicle weight of an automobile; an automatic transmission 
control system for an automobile in another aspect of 
performance of the present invention may well be con- 
structed cxmiprismg vehicle weight estimation means for 
estimating weight of the automobile: torque estimation 
means for estimating an output torque; acceleration input 
means for accepting an acceleration signal; running load 
fartimation iiieaus for estimating the running load from the 
estimated. vehicle weight, the estimated output torque and 

th*i -tnpnT y<x i rjCTf rt j fW ; ITm* 10 ^ *»f> frtf Mturiryt A plurality 

of shift schedules therein; and gear pos ition determination 
means for selecting one of the shift schedules cm the basis of 
the vehicle weight and the estimated running load, and for 
OrttJiiuuiag a gear position of an automatic transmission of 
the automobile in accordance with the sHcnrri shift sched- 
ule. 

In operation, rhenmning load (and die vehicle weight) are 
errrnaie eUand the shift operation U performed in co ^ 
with the vehicle weight and die M"i"g load. Therefore* the 
optimal shift pattern is formed in accordance with a driving 
environ nras such as a mountain path, to cnhaimr the driv- 
abiliryof tlm flnrnmohflfi Moreover, on a flat road, the fuel 
unumiiiptiop of the fartcmobuc is enhanced. 

Other objects, advantages and novel features of the 
present inve ntion win hftnomr apparent from the following 
fWsflori d e i cti ptioo of the invention when considered in 
conjunction with the auwHiijuauying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a shift control system which 
includes an automatic transmission control system in an 
embodiment of the present invention; 

FIG. 2 is a schematic block diagram showing the hard- 
ware elements of the shift control system depicted in FIG. 1; 

FIG. 3 is an explanatory diagram showing the details of 
input signals to and output signals from an AT (automatic 
uartsnusatoQ) control unit; 

FIG. 4 is a block diagram of a vehicle weight ^tr*™**™ 
section which mchinVs vehicle weight estimation means; 

FIG. S is a diagram for explaming the time serialization . 
of an acceleration response waveform; 

FIGS. 6Aand6B are cU^gtams for explaining a-n^ 
starting the time serialization; 

FIG. 7 is a diagram for explaining the flow of processing 
for the gener a tion of a time serialization start signal; 

FIG. 8 is a flow chart showing the processing steps of 
means for generating the time serialization start signal; 
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FIG. 9 is a diagram for explaining the learning method of 
a neural network which is used in the vehicle weight 
estimation means depicted in FIG. 4; 

PIG. 10 is a block diagram of a shift control flection winch 
includes torque converter-generated torque estimation 
means, engine-generated torque estimation mean* and load 
estimation means; 

FIGS. U(o) and ll(o) are graphs showing an engine 
torque ™*p and a torque converter characteristic map, 
respectively; 

FIG. 12 is a flow chart showing a process for estimating 
an accessory torque; 

FIG. 13 is a flow chart showing a 'process for estimating 
a torque generated by an engine; 

FIG. 14 is a flow chart showing a process for estimating 
an output torque based on a torque converter; 

FIG- 15 is a flow chart ahowing a process for estimating 
a running load torque from the estimated output torque; 

FIG. 16 is a flow chart ahowing another method of the 
process fox estimating the accessory torque; 

PIG. 17 is a schematic block diagram for exp laining gear 
position determination means; 

FIGS. 18(a) «»d 18(£) are explanatory diagrams showing 
shift maps in a method of altering shift schedules which are 
based on load estimation and vehicle weight estimation; 

FIG. 19 is a block diagram of an atitomatic transmission 
control system being another embodiment in which a shift 
schedule is continuously varied in consideration of a grade 
or slope; 

FIG. 20 is an explanatory diagram showing a shift map tn 
the embodiment illustrated in FIG. 19; and 

FIGS. 21(a). 2100 and 21(e) are graphs for explaining 
how to decide an acceleration request. 

PREFERRED EMBODIMENTS OF THE 
INVENTION 

Now, embodiments of the present invention wQl be 
deacribed with reference to the drawings. In the ensuing 
descrJprion, an expression "change gear ratio" or * 4 gear 
ratio" shall mean the product between the gear ratio of a 
transmission and that of a final drive. 

The schematic construction of an automatic teansmission 
control system for an automobile in one embodiment of the 
present invention is illustrated tn FIG. 1. 

Throttle valve opening (TVO) tensing inearth 101 ***** 
a throttle valve opening 121 m the automobile, which is 
delivered co vehicle weight estimation means 106, engine* 
generated torque estimation means 1001 and gear position 
determination means 109. 

Acceleration sensing means 102 senses- the acceleration 

122 of the automobile, which is delivered to the vehicle 
weight estimation means 106 and load estimation means 
110. 

Vehicle speed sensing means 103 senses the vehicle speed 

123 of the automobile, which is delivered to the vehicle 
weight estimation means 106 and the gear position deter- 
mination means 109. 

Engine rpjn. sensing means 104 senses engine x.p. m. 
(^revolutions per minute" also termed an "engine speed") 

124 in the automobile, which is delivered to torque con- 
voru^-generated torque estimation means 107 and the 
eaginc^eneraied torque estimation means 1001. The torque 
converter-generated torque estimation means 107 and the 
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«igino-generUed torque estimation means 1001 arc means 
for estimating torques gmmttrd by the torque convener of 
toe automobile and me engme thereof, respectively. 
TWbme cpjn. sensing mum* 105 senses turbine up. m. 

w delivered to toe torque «mverter^«aied itaque e*d- 
mation means 107. M 

In die vehicle weight estimation means 106, the vehkJc 
weight of the automobile u estimated on the basis erf the 
throttle valve opening 121. acceleration 122 and vehicle 
speed 123. The estonated vehicle weight 126 is delivered to 
the gear position o^tenmnadon means 109 «nd the load 
estimation means 110. 

In the toique converrer-genentted torque esnmatkm 
means 107, the totquc generated by the converter is 

c^na^W the engine speed 124 a^ 
125. The eatnnaxed torque 1022 generated by the torque 
converter is delivered to the load estimation means HO 
» In the engfne-genefated torque estimation means 1001 
,^l^ tM5 i giaxenacd * cn « mc " estimated from the' 

eaamatcd torque 1015 generated by the engtao is delivered 
totbe torque convener-generated torque estimation means 

In d* toad estttnalion means 110, a load torque is esti. 
mated from the estimated vehicle weight 12^ th* 
*W 1022 generated by the torque converter, and the 
acoieraitoo 122. The estimated load tannic 1028 is dafaV 
ered to the gear positkm determmation means 100. 

Ita&e gear position determinsrina mmm. (which is also 
means for storing shift jchrdnlrt therein) 109 a gear nosa- 
uoa«dettrminedratheo^ 

^rJ^!"^^ p °^ km m fa ****** » 
hydraulic drive meant 11L 



Tfe hydanlic drive nana 1U daennines the drivine 
hy*»ahc presrar of the dutch of tbe mtomttic tanum£ 

gear posmoo 129. 

; supply the XT (automatic tratwiB irion) control unit 203 
«^"p«U 204 and 205 indicative of their tenccfre 
opening states. Id addition. vehicle ««naU207«ndASCD 
J* "P 0 " 5 Otnaing de*ke) control unit 208 an 

InpWtoiteiCTcOTmJuiutMS.biihcArcoTOoltmitlOa. 

' " ^.J 5011 ^^ detemrioed from the received «gn»l, «o» 
todeliver tbft immicSon rignal. 206 to te Ssta 

iSlgnala 304 thru 307 in PIG. 3 conesoood to the enefoe 
o^t«gnaU 204 in Ha 2, while dgnab 308 thru310 

Rgwl. 3U thru 314 cwna,»nd^^Se dgn^W* 
^e rignaUMS and 314 comapond «o lE lisS^nWl 
nauatgnala 208. -On the other hand, nznals 317 thni32l 
pamapoad to the AT control mdxngu0»206. InFIG.3Lthe 

S^^3^ 3 wr^^^ Ra ^ the 

3 * 7 - ftom the AT control unit 301 arc 
dehvcnxl through an ontpw rigoal proces*ing unit 303. 
faUw preacm invenUon, a vehicle weight estimatiox 

v ^d C8 pee<l which aria when the cfaivertf^ 
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has depressed the accelerator pedal thereof, differs depend- 
ing upon the vehicle weight Thus, the vehicle weight is 
recognized from an accelerating response waveform. With 
this method, the cost of the control system is not increased 
by the use of a sensor for measuring the vehicle weight, and 
. the vehicle weight can be estimated with a precision satis- 
factory for the shift control of the automatic transmission. 

FIG. 4 is a detailed block diagram showing an example of 
the vehicle weight estimation means 106 depicted in FIG. 1. 
In FIG. 4, acceleration sensing means 401 delivers an 
acceleration signal 411 to time serialization means (accel- 
eration input means) 405 and time serialization start signal 
generation means 404. Vehicle speed sensing means 402 
delivers a vehicle speed signal 412 to the time serialisation 
means 405. TVO sensing means 403 delivers a throttle valve 
opening signal 413 to the time serialization means 405 and 
the time serialization start signal generation means 404. 

The time serialization start signal generation means 404 
monitors both the signals of the acceleration 411 and the 
throttle valve opening 413, and it sends a signal 416 to the 
time serialization means 405 to start rime serialization when 
the acceleration has risen owing to the driver's depression of 
the accelerator pedal, in other words, in conformity with the 
accelerating response waveform. 

Upon receiving the time serialization start signal 416, the 
time serialization means 405 tnxie-serialkes the acceleration 
411, vehicle speed 412 and rhrotrie valve opening 413 so as 
to deliver time-aerial signals 414 to neural vehicle weight 
estimation means 406. The neural vehicle weight estimation 
means 406 estimates the vehicle weight on the basis of the 
received lime-serial signals 414. and delivers an ■rrtmftttv? 
vehicle weight 415. 

HG. 5 is a diagram lor explaining the time serialization 
of the accelerating responses of the acceleration, vehicle 
speed and throttle valve opening. The time scriaHzatkm is 
started at the point of time tso at which the acceleration has 
ex ceeded a predetermined threshold value octh. Than, the 
acceleration, vehicle speed and throttle valve opening arc 
sampled at regular intervals of At. 

The reason why the threshold value is set fox the accel- 
eration will be elucidated with reference to FIGS. 6A and 
6B. In a case where a threshold value is set for the throttle 
valve opening for the purpose of the time serialization in the 
accelerating mode and where the sampling is initiated in 
synchronism with the rise of the throttle valve opening, the 
rise of the longitudinal acceleration (the acceleration in the 
longitudinal direction of the body of the aiitoniobile) 
becomes discrepant because of an individual difference 
involved in the way the driver depresses the accelerator 
pedal. In order to eliminate the discrepancy, the threshold 
value is set for the acceleration, and the sampling is started 
when the acceleration has exceeded the threshold value. 

FIG. 7 illustrates the procedure of the processing of the 
time serialization start signal generation means 404 shown 
in FIG. 4. Km, the closure of a throttle valve is confirmed. 
Subsequently, the opening of the throttle valve rises and 
exceeds the preset threshold value. Thereafter, the time 
serialization is initiated when the acceleration has exceeded 
the threshold value. 

FIG. 8 illustrates the flow of that processing of the time 
serialization start signal generation means 404 which cor- 
responds to FIG. 5. More specifically, whether or net the 
throttle valve is closed is checked at a step 801. When the 
throttle valve is closed, the processing flow proceeds to a 
step 802, and when not, it returns to the step SOL Further; 
When the throttle valve opening 8 has exceeded its threshold 
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value 8th at ibe step 802, the processing flow p ro ceed * to a 
step 803, and when not, it retains to the step' 802. On 
condition that the acceleration a has caccedfd Its threshold 
value oahat the step 803. the processing flow proceeds to a 
step 804. Otherwise, the processing flow returns to the step 
803. At the step 804, the lime serialisation start signal 416 
indicated in FIC 4 is delivered. 

FIG. 9 is a diagram showing the learning method of a 
neural network which is used for the estimation of the 
vehicle weight, Referring to the figure* vehicle weight 
estimation means 901 is constructed of the Rjumdhart type 
neural network which consists of an input layer, an inter- 
mediate layer and an output layer. Each of the three layers 
included one or mote neuron* urarimaieticeletneriUtandtbe 
neurons of the adjacent layers are coupled by synapses. 
Signals are transmitted along the input layer — * the inter- 
mediate layer — ► the output layer. Each of the synapses is 
endowed with a weight, and the output signal of the corre- 
sponding neuron it multiplied by the weight of the synapse 
to form the input signal of the next neuron. Each neuron 
converts the sum of the input signals into the output signal 
by the use of a sigmoids! furKdori, 

The neoral network 901 learns the vehicle weight in such 
a way that the weights of the respective synapses are so 
altered as to «t«im»«h the error between the true weight of 
the automobile and the vehicle weight ettimiTfd from the 
inputs of the acceleration, vehicle speed and throttle valve 
opening. In order to cope with vadc^ aspects of deprcssmg 
the accelerator pedal, accelerating response waveforms are 
previously measured by experiments based on the time 
serialisation method shown in FIG. 4 V whue the vehicle 
weight and the throttle valve opening arc being changed on 
MA j flr i ti r c* 1 m F g y ^ iy H l f SnbarrjlrffTrrjr. thr fffmci sr iltl w ■ w 
farms of the acceleration, vehicle speed and throtfle valve, 
opening are input to the neural network 901, thereby ebtti^ 
ingtheestmrtedveri^ 

the estimated vehicle weight 911 with respect to she true 
vehicle weight 912 it calculated 

Weight a lte r ation meats 902 alters the weights of the 
inter-layer synapses so as to diminish the error 913 bctwma 
the estimated vehicle weight 911 and untrue vehicle weight 
912. As an algorithm for altering the weights, a back- 
pffopagation algorithm is typical, but arjother algorithm may 
well be employed. 

A rutmmg load is estimated in order to perform the shift 
control in accordance therewith. Herein^ the nmnhu^ load is 
evaluated by e stima ti n g an output torque and solving the 
equation of motion on the basts of the estimated output 
torque, the acceleration and the cstimiitfd vehicle weight. 

Regarding the output torque esrtaatioo* there bam 
in which ontpitf torque is estimated from the sHp and 
; cpon. (also termed *Yevohition number^ or "speed") of the 
torque converter in accordance with torque co m ver ier char- 
acteristics, and a method in which it it esttmatrd from the 
r.p.m. of the engine and the opening of the throttle valve in 
accordance with engine torque characteristics. 

The estimation method based on the slip of the torque 
' converter can estimate the output torque precisely when the 
slip of the torque converter is great, that is, when the ratio 
between the revolutions of (he input and output of the torque 
converter is small. This method, however; exhibits an cote* 
rior precision in a region where the slip it small, that is, 
where the ratio between the input revolutions and the output 
revolutions is great 

On the other hand, the estunation method based on the 
engine torque characteristics exhibits a constant prectorom 



-6- 



7 

the whole operating region of the engines hut it has the 
problem that torques required for operating accessories such 
as an air conditioner cannot be found. 

In this embodiment, accordingly, in the region where the 
slip of the torque converter is great, the output torque is. 
estimated on the basis of the torque convener; while at the 
frame tune, the torques necessary for operating the accesso- 
ries such as the airc<mditioneT are estimated. Besides, in the 
region where the slip of the torque converter is small, the 
output torque is calculated in such a way that the tongues for 
the accessories estimated before arc subtracted from the 
estimated torque based on the engine. 

HG. 30 is a diagram for explaining the wptH of 
estimating the output torque and the method of mating 
the load. In estimating the output torque from a torque 
generated by the engine, an engine output torque 1015 (Tc) 
is derived from an engine torque map (engtne-genexated 
torque estimation means) 1001 on the basis of a throttle 
valve opening 1011 (TVO) and an engine revolution speed 
(or npjiL) 1012 (Ne). The total load torque 1016 (Tecc) of 
the accessories such as the air conditioner is subtracted from 
the engine output torque 1015, and the resulting difference 
is multiplied by the torque ratio 1017 (t) of the torque 
converter, thereby, obtaining a turbine torque 1014 (Ttl) 
based on the engine revolution speed 1012. 

On the other hand, in the output torque from 

the pump revolution speed or r.p.m, (namely, the engine 
revolution speed) 1012 and turbine revolution speed or tip. 
m. 1013 (Nt) of the torque converter, the ratio Nt/Ne 
between the turbine revolution speed 1013 and the engine 
revolution speed 1012 is fwlcQlated, and the torque rado 
1017 and pump torque opacity coefficient 1018 (t) of the 
torque converter are derived from a torque converter-torque 
chasacteristic map 1002. The pump torque capacity coeffi- 
cient 1018 of the torque oomwrtgr i* multiple fry th« **yimr 
of the engine revolution speed 1012, thereby obtaining a 
pump torque. Further, the pomp torque is muldplied by the 
torque ratio 1017. Then, a turbine torque 1019 is obtained. 

Accessory torque estimation ™^nT 100) -compares 
estimated turbine torque 1014 based on the engine and the 
estimated turbid torque 1010 bused on torque coovertec 
Herein, when the ratio Nt/Ne between the tmtm^te volution 
speed and the engine revolution speed is smaller than &8. 
the estimated accessory torque 1016 U output so as u> nullify 
the error between the mrbxne output torque 1014 based on ' 
the engine and the turbine output torque 1019 based on the 
torque converter: In contrast, when die ratio Nt/Ne between 
the turbine revolution speed and the engine revolution speed 
is not smaller than 018. the latest es^msted accessory torque 
1016 is output 

Here in this example, die output of the accessory toique 
estimation means 1003 is changed-over at Nt/Ne sAB. 
However, the value 0.8 dinars depending upon the chares 
terisbes of torque converters, and a value near the clutch . 
point of the pertinent torque convener may be set. The 
reason is that the Nt/Ne values corresponding to the large 
errors of the pump torque capacity coefficient of the torque 
converter arc bounded by the clutch point. 

Turbine torque estimation means 1004 delivers the tnr- . 
bine torque based on the torque converter, as an *y*"ftH 
turbine torque when the ratio Nt/No (1021) between the 
turbine revolution speed and engine revolution speed of the 
torque converter is smaller than 0.8, and it delivers the 
nirbine torque based on the engine as an estimated turbine 
torque when not. The estimated nirbine torque 1022 (Tt) 
thus produced is multiplied by a gear ratio 1 024 (ft thereby 
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obtaining an estimated output torque ,1023 Ob). An esti- 
mated running load torque 1028 (TL) Is calculated m such 
a. way thai the product 1025 (M x rw) between the estimated 
vehicle weight 126 (refer also to FIG. 1) and the effective 
radius rw of a tyre or wheel is multiplied by a longitudinal 
acceleration 1026 (a), whereupon the resulting product 1027 
is subtracted from the estimated output torque 1023. 

PIGS. 11(a) and 11(6) illustrate an engine torque map and 
a torque converter characteristic map, respectively. The 
engine torque map in FIG. 11(a) indicates the generated 
torque lb with the throttle valve opening set as a parameter, 
by taking the revolution speed Ne of the engine on the axis 
of abscissas/On the other hand, the torque converter char- 
acteristic map in FIG. U(« indicates the pump torque 
capacity coefficient x and the ratio t of the input and output 
torques of toe torque converter, by taking the ratio c of the 
input and output revolutions of the torque converter on the 
axis of abscissas. 

FJG. 12 iUnttratcft the flow of the processing of the 
accessory torque estimation means 1003 shown in FIG. 10. 
More specifically, the accessory torque is set at Tacc «C at 
a step 1201. If the slip c of the torque converter, namely, the 
tfcrementxoned ratio Nt/Ne between the turbine revolution 
speed 1013 and the engine revolution speed 1012 is smaller 
than OA is checked at a step 1202. When the slip e is smaller 
than 0.8, the processing flow proceeds to a step 1203. and 
. when not, it returns to the step 1202. At the step 1203. the 
difference Terr between the estimated turbine torque Tel 
based on the engine and the estimated turbine torque Tt2 
based on the torque converter is evaluated as Terr » Ttl - 
- TtZ At the next step 1204, the ruHmwtfd accessory torque 
Ttec it rslri ri-*"* pg =Tkcc +Ten/t where t denote* the 
torque ratio of the torque converter. 

PIG. 13 illustrates me flow of a process for obtaining the 
estimated turbine torque Ttl based on the engine . At a step 
1301, the values of the engine revolution speed Ne and the 
throttle valve evening TVO are read. At the next step 1302, 
the engine torque Te is derived from the engine torque map 
1001 in FIG. 10 (refer also to FIG. 11(a)) on the basis of the 
engine revolution speed Ne and the throttle valve opening 
TVO. At the subsequent step 1303, the turbid torque Ttl 
based on the engine is calculated in such a way that the 
accessory torque Tacc is subtracted from the engine torque 
Te, whereupon the resulting difference is multiplied by the 
torque ratio t of the torque convener. 

FIG. 14 illustrates the flow of a process for obtaining the 
estimated turbine torque Tt2 based on the nrvohnions of the 
torque converter. At a step 1401, the values of the vehicle 
speed Vsp. engine revolution speed Ne and gear ratio r arc 
read. Subsequently, the turbine revolution speed Nt is cotn- 
pmed from the vehicle speed Vsp and the elective radius rw 
of the wheel at a step 1403. At the next step 1405, the slip 
e of the torque convener U ralcnlftfyid, and the pump torque 
capacity coefficient t and the torque ratio t of the torque 
con v er ter are derived from the torque convener character- 
istic map 1002 in FIG. 10 (refer also to FIG. 11(d)). At the 
subsequent step 1406, the turbine torque Tt2 (1019 in FIG. 
10) based on the torque converter is calciitfltcrt in such a way 
that the square of the engine revolution speed Ne is multi- 
plied by the pump torque capacity coefficient x, thereby 
obtaining the pump torque Tp t whereupon the pump torque 
Tp Is mo ltiphed by the torque ratio t of the torque converter. 

Incidentally, in this process, the turbine revolution num- 
ber Nt may well be directly obtained instead of being 
computed from the vehicle speed Vsp. In such a case, the 
steps 1401 and 1403 arc respectively replaced with steps 
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1402 and 1404. Mare specifically, the value of the engine 
revolution speed Ne is read at the step 1402; and die value 
of the turbine tevofajtian speed Nt is scad at the step 1404. 

HG. 15 fllnstrates the flow of a process for obtaining die 
estimated load torque "H# frosn the estimated output torque 
lb and the acceleration cl Whether the revolution ratio c of 
the torque convener is smaller than 0.8 is cfaeftocd at a step 
150LWheiiraeianoei8 8mallex,!te 
1502, and when not, it p r oc eeds to 8 step 1503. At the step 
1502, the estimated turbine torque Tt is act at the turbine 
torque Tt2 baaed on the torque co u vut e r , whereupon the 
flow proceeds to a step 1504. On the other hand, at the step 
1503* tho nsrfmflffXl turbine lorque Tt is set ax the turbine 
torque Ttl based on the engine, whereupon tho flow pro- 
ceeds to the step 1504. Subsequently, at the step 1504, the 
j»fim«fav< turbine torque Tt is multiplied by the gear ratio r. 
thereby obtaining rhe estimated output torque "lb. At the next 
step 19QS, lbs estimated load totnue TLk calculated in such 
a way that the product among the esmnaicd vehicle weight 
M, the effective radius rw of the wheel and the a cc el e ra tion 
a is mutt acted from the ctti rusted load t m ijj e TL. 

HG. 16 fl lustrsc e s a n o ther method of evaluating togqort 
required for the accessories. This niethod consists mrhai toe 
torques of the a ccess o ri es are set for the individual devices 
befonshaod, and that, when the pmiucai device is *X3N"« the 
correspoodmg valoc is added* In the figure^ the tongue of an 
air conditioner is talcan ns on rmmplf 

At a seep 1601, Tacc = O is sec If the air c o nd l nou c-r is 
*tW» to csj echnri ot a step 1602. When the air exmdinooer 
u "Wr; the now of the niethod proceeds u> a step lsW. and 
when ooc the pmt caimg of thcfncfttori is ended. At the step 
1603. -fee accessory torque Tncc * net at lace « lace* lac 
where The denotes the totojucof the air coudirionrx. 

There wJQ now be cs^ rt s Bn cd a control in which a ehifl 
pattern is tiiangod on the basts of an estimated load and m 
esti m ated vehicle w eigh t. HG, 17 is aoloclcdiagtauiof gear 
pofcition djtsi iiuinatteu means tor deli junumg a gear posl- 
' tion from* the esliinaBed vWrifie weight and the estimated 
load. 

• An npahffrfng speed change tine aelectnr 1781 receives e 
vehicle weight signal 1711 and a load signal 1712 as inputs, 
.and it deli wis an opshxfting speed change line 1714 so gear 
position final-cVtconhiation nvaw 1703 as an ontpnr A 
downshifting ap ee d bne selector 1792 receives the 

load signal 1712 as an inpm. and it delivers a downshifting 
apeed change line 2715 as an output. The gear pnstrton 
fnral-^lctciiuuiation ny™* 1 * 1703 receives a vehicle speed 
signal 1716 and a throttle valve opening signal 1717 in 
adoption to the "f Mftmg speed change bne 1714 and the 
downsfa Ifting s p eed change line 171S, and U deli vers a gear 
shirt signal 1713. 

HGS. 18(a) and 18$) illustrste the controls based on the 
vehicle weigh! and the load, for upshift and for downshift, 
respectively. A shift map as shown in FIG. 18(a) is used for 
the upshift, whOe a shift map as shown in HG. WJb) is used 
fur the downshift 

In the case of the upshift the gear shift boundary follows 
between lines (J). (g) or © dependent co the vehicle weight 
and the load moving from line 1 -> 2 -» 3 as such weight 
and speed increase. On the other hand, in the case of the 
downshift, the speed change line moves between lines ®. 
® and© as the load enlarges. 

In the case of the downshift, when the throttle valve 
opening (0 + fa) is small, the speed change line ® moves 
toward the higher vehicle apeed Vsp. This is intended to 
apply bralong. 
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Although the gear shift boundary is determined from the 
vehicle weight 2nd (he running load in the above embodi- 
ment, it may welt be determined tern only the running load- 
In addition, although any of the preset gear shift bound- 
. ades is selected in the Above embodiment, the gear shift 
boundary may well be continuously varied on the bash of 
the estimated load, the vehicle weight and a grade or slope 
A method for the continuous variation may be such that two 
gear shift boundaries which do oot jntenecr each other ere 
set, and thai they ate divided internally or externally in the 
direction of, for example, the vehicle speed. This method 
will be cxpTaftmd In detail below. 

FIG. 19 is a block diagram showing another emhorinucul 
of the automatic transmission control system for an auto- 
mobile in which the gear shift boundary is determined from 
the gradient (an inclination angle) and the vehicle weight 
This system comprises a gradient resistance (hjll-ciimb- 
ing resistance) calculation unit (load estimation means) 
1901, a comrmimisly variable quantity catoularion unit 1502, 
a oondmKKis vaxisrJoti unit 1903, a shift psaern-A memory 
1904 and a shift pattem-B memory 1905. The continuously 
variable quantity calculation unit 1902 and the 
variation unit 1903 constitute a shin schedule variable- 
control uniL The shift pattern-A memory 1904 mad the shift 
paocm-B memory 1905 constitute means for staring shift 
schedules therein. 

The gradient remittance calculation unit (load cs riaa tkm 
means). 1901 is supplied with the gradient 6 and the vehicle 
waght W, and U calrnlmirg a gnvtirm increment i rf'Hfir^' 
AL m acc ordan ce with the foUowmg equation (1): 

ALeW-rwne (I) 

where g denotes the gravitational acccieiirfjon 

The CTtftwiimtly variable quantity ciWilarion unit 1903 
cailmlwr t a oonrinuouily variable quantity Z m acc o tdance 
with the following equations (2) and (3): 

7 Wst-g 



where y denotes a gradient equivalent coefficient which 
may well be calculated by the aforementioned cqoaaon 

w 

7 ~ w* 

Besides, Wat re presents a standard vehicle weight previ- 
ously set as a riftfimlf, and c rrpirsi urn a continuously 
variable o^iamity-covirccsion ctwfficim. 

Use continuous variation unit 1903 determine* x gear 
petition in such a way that a value X indicated by Borifirm 
(4) below is calculated from the caminuouxly variable 
quantity Z, whereupon the gear shift boundary is variably 
obtained on the basis of the value X and the throcne valve 
opening as illustrated in HQ. 20. Shift patterns A and B 
indicated in PIG. 20 are respectively sent from the shift 
pattern-A memory 1904 and the shift pattem-B m emory 
1905. Thus, a smooth shift opexation confonning to the 
gradient is realized. 

X = XI -r OQ - XI) 2 (4) 

There will now be explained a case where a gear porinbe 
is determined from the vehicle weight, the gradient and an 
acceleration request In this case, the gradient ir*" 
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